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HERBI CI DE TECHNOLOGY: ITS PRESENT AND FUTURE
ROLE IN RE-ESTABLISHING SOQUTHERN PINE PLANTATI ONS

James H. Mller

This paper explores the benefits of conpetition control
treatnents in establishing plantations now and into the next
rotation, More is known about the econom c outconme of woody
control treatments than about herbaceous. control; t hus, the
former are given the nost attention. But the early growth
benefits of herbaceous weed control treatnents are also
revi ewed, Wi th t he appropriate application nethods and
possible innovations. Application nethods are explained, wth
enphasis on ideas leading to possible establishnent savings,

THE PAYCFF OF VEGETATION OONTROL TREATMENTS

Wiy do we control conpetition when growng a crop'? First,
to increase seedling plant survival, and second, wth weed
control a larger crop can be grown sooner. Thus, by using
weed control more fruit, grain, and fiber can be produced from
less land, The cost benefits of conpetition control have been
determ ned for nost agricultural crops; however, the long-term
investment returns for woody and herbaceous control wth
sout hern pine nmanagenent have not as yet been verified.

Benefits of Hardwood Control

A recent nodel that draws upon 400 plots from across the
South has estimated the losses in yield that occur in loblolly
pine plantations with varying hardwood conponents in the main

canopy (Burkhart and Sprinz 1984).

Di scussion of herbicides in this paper does not constitute
recommrendation of their use or inply that uses discussed here

are registered. | f herbicides are handled, applied, or
di sposed of inproperly, there is potential for hazards to the
aﬂplicators, off-site plants, and environment, Herbicides
shoul d be used only when needed and should be handled safely,
Follow the directions and heed all precautions on the
contai ner | abel.

The use of trade, firm or corporation npames in this
publication is for the information and conveni ence of the
reader.  Such wuse does not constitute-an official endorsenent

or approval by the uU.s. Department of Agriculture. of any
product or service to the exclusion of others which nay be

sui t abl e.
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This nodel was based upon a critical relationship derived
from a long-term study initiated by whipple and Wite (1965)
in Aabama, and nore recently reported after 24 years of
growt h dat a bK d over and Di ckens (1985). Peri odi c
measurenments of these site-forepared plots have shown that the
proportion of hardwood basal area in a stand renmined constant
fromage 11 to pul pwood rotation. That is, if a stand had
30- percent hardwood basal area at age 11, it still had
30- percent hardwood basal area at age 24. These data al so
suggest that hardwood basal area can displace a greater anount
of softwood yield than an equival ent anmount of pine basal area
can add to yield (Figure 1). That is, a stand havi ng

30-percent hardwood basal- area wll reduce pine.yield by S
ercent.  Thus, any hardwood species that can maintain equal
eight growth wt the pines can displace a nore than equal

amount of softwood fiber production, This suggests that the
elimnation of even small anounts of hardwood conpetition from
the main canopy can have real payoffs in pine yield; this has
al so been suggested in an earlier study (Langdon and Trousdell

19741.
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Figure 1. Total yeild of 1loblolly pine verses percent of
total stand basal area in hardwood from plot observations in a
har dwood competition/site preparation study in Fayette County,
Al abana. The line ' represents predictions from the conputer
simulation HDWD (Burkhart and Sprinz 1984).



28 Her bi ci de  Technol ogy

The benefits from centrolling understory har dwood
conpetition have been studied in only a very few stands
(McClay 1955, Russell 1961, Langdon and Trousdell 1974, d ason
1978, D‘*Anieri et al. 1986, Boyer 1987). Renoval of sapling
har dwoods and shrubs has often, but not consistently,
i ncreased yeild. These variable findings suggest that the
i npacts of understory conpetition' on pine growh are probably
site dependent, Surviving deep-rooted trees can eventually
obtain noisture and nutrients on deep soils, regardl ess of
conpetition. \Where soils are poor and shallow and rooting
depth is restricted, conpetition can be severe.

Current econom c anlayses of investnents in hardwod
control have predicted substantial rates or return, wth the
added benefit of increasing yields per land area (Anderson and
Hickman 1986, Kline and Kidd 1986). Thus wood production can
be increased from a fixed land base. These analyses indicate
that with conpetition control, growh and investnment returns
greatly increase as site' quality increases, Thinning is
alnmost essential in capturing the rapid growh (Langdon and
Trousdel | 1974, Cl ason 1987). Therefore, hi ghly productive
| ands and | ands near mills can be nade even nore productive
with shortened rotations.

In. these economic® analyses, hardwood contr ol is
‘considered' to occur at the time of establishnent. Early
hardwood control is |ogical because |less herbicide is required
to control small woody plants, and young plantations are
easier to treat wth current application nethods. Less is
understood about the returns from hardwood treatnents applied
for tinber stand inprovenent. A growi ng data base and
enhanced understanding are accruing regarding pr ehar vest
hardwood treatnents, those made 1 or 2 years before harvest.
Sone preharvest control treatments can be expensed as a
harvesting aid and thus have a benefit for taxing the
investment. The tax savings are over and beyond the actual
benefits from easier harvests, reduced haul age rates due to
reduced wood water content, shortened' regeneration tines, and
possi bly inmproved conpetition control.

Benefits of Herbaceous Control

Pine growth benefits from herbaceous weed control have
been i ncreasi n%Iy reported during the past 10 years (Nelson et
al. 1981, ael 1985, Metcalfe 1986, Zutter et al. 1986).
Benefits of increased survival and enhanced dianmeter growh
are well docunented, These studies are usually performed on
areas that have nearly conplete woody control as a concurrent
condition.. Studiesacross the South have been under way for up
to 12 years, inyolving investigations of loblolly, &lash, and
longleaf pine- -Mich research has been conducted by the menber s
of the Auburn University Silvicultural Herbicide Cooperative
(Knowe et al. 1986, G over et -al. 1986, Creighton 1987a,
1987b, 1987c). Current results show that: a) the sanme wood
yield can be reached 1.5 to 3 years soon& wth herbaceous and
woody control, b) herbaceous weed control in a band along- the
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planting row is as effective as broadcast control, and ¢) 1
year of weed control in a band often yields growth conparable
to 2 years of banded or broadcast weed control, This points

to large savings in application costs by using banded
application, which treat'only 40 to SO percent of a tract and
for only the first year of establishment.

A region-wide study performed cooperatively at 16

| ocations by the USDA Forest Service, universities, and
industry shows that during the first 2 yesrs, herbaceous
conpetition significantly limts growh nore than woody
competitors (Mller et al. 1987). In this ongoing study,
conplete weed control for four growing seasons has vyielded
loblolly pines that commonly range in size from 12 to 20 feet

tall and 3 to 4 inches in d.b.h. (Mller, unpublished data).
Thus, these dramatic growh gains with total weed control show

the pronmise that herbicide technology holds for southern
forestry.

_ However, the benefits from herbicide applications are not
risk free . Treatnent success, with the currently |abeled

herbi cides and nmanagenent |atitudes, s never assured, There
is a risk of ineffective control due to known and anbi guous
factors. Chi ef anobng these factors is weather conditions. 1It.

is rarely possible for operations to schedule application to
coincide wth ideal weather conditions. Al so, the correct
herbicide is not always prescribed for controlling the
specific species present. Mny additional variables are yet to

be studied, . including the quality of water used in mxing,
surfactant interactions, plant status for receptivity, and
others that ultimately contribute to poor control, Too, it is

pai nfully obvi ous t hat if one set of conpetitors is
successfully controll ed, another set can become established
froma nultitude of hardwood, shrub, and herbaceous propagul es
that reside or nmigrate into forested lands. However, as
broader spectrum forestry herbicides becone |abeled and nore
research and experience are brought into play, the risk of
failure will be decreased but never nullified.

The econom cs of herbicide treatnments are dictated mainly
by herbicide .and application costs. |Interestingly enough,
herbicide costs of the commonly "used broadcast treatnments for
woody control do not vary much by product and usually range
from ¢55 to $80 per acre for site preparation and $20 to $30
per acre for release. Unl ess | ower cost herbicides becone
avai | abl e, there is little latitude for cost savings from the
sel ection process. There are, however, great cost benefits
from selecting the most effective herbicide for the species
present, selecting a herbicide that gives both herbaceous and
woody control, and applying that herbicide at the optinum
tinme, This paper focuses on application alternatives pecause
nost savings can be realized by application efficiency,
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HERBI CI DE  APPLI CATION TECHNOLOGY =~ PRESENT  STATUS

For an application nmethod to be nost efficient, it should
be geared toward a specific distribution of conpetition.
Si nﬁly stated, br oadcast treatments are the nost expensive,
W th per acre expenses decreasing as treatnent area decreases.
Broadcast treatnents are easily prescribed and can be applied
to all acreage, but they are wasteful'if the conpetition is
not spread across the entire acreage. When conpetition is
scattered or in patches, other treatment patterns nay be nore
efficient and econom cal . Al though alternative treatnent
nmet hods are currently available, in the near future there will
probabl y-be a nunber of alternatives from which to choose.

Har dwood Control Applications

Most existing plantations have been established with sone
type of hardwood control treatnment, e.g., choppi ng, shearing,
root r aki ng, and/or burning. The interplay of the degree of
control from that initial treat nent, the preharvest
distribution of wocdy vegetation, and the re-encroachment by
shrubs and hardwoods deternmines the distribution of woody

conpetition in a plantation. Windrows will concentrate
har dwoods in strips, while other -treatments result in other
patterns, Also the terrain., which influences the frequency of
mnor swells and mnor and najor drai nages, strongly
influences the control and re-establishment of woody
component. In general, although not considtently, hardwood

regrowh is nore domnant on the lower terrain, and control
treatments are less effective in |lower areas, Conpetition is
usually nore severe on sites of higher quality, which is also
the nmoist |ower ground. Thus, great gains are possible on
lower lands if effective control strategies are applied.

The two basic patterns that result from the interplay of
past treatment and regrowmh are; one that is wuniformy
distributed across the area, either dense or scattered, and
one that is grouped into patches around the lowr terrain or
al ong windrows. The prescriptionist should identify areas wth
these different distributions to gain application savings.

Aerial WMethods

Wien woody conpetitors are greater than 800 stenms per
acre and are evenly distributed across a tract (over 80

acres), then the first alternative to consider is aerial
broadcast applications, For these applications to be
successful, adequate preparation'of the tract is imperative.

To assure good and conplete coverage by a helicopter sprayer
or spreader, the area should be outlined by a bladed line, a
ground- sprayed budffer, or a tree-injected buffer to enable the
pilot to  easily determne the boundaries of the tract.
Flagging stations need to be surveyed accurately around the
boundary to assure accurate swath placenent and appropriate
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overlaps. Determnation of proper overlap and swath placement
is critical in release applications. Unexpected nortality

from excessive overlap can easily nullify any growth benefits.

Hel i ports should be pl anned and established in
compartnments and nmmintained permanently for this purpose. A
hel 1 port should be on a high area with cleared approaches and
take-offs relative to the prevailing winds. Heliports should
be maintained with a grass cover, so that dust w Il not hinder
ship operation, visibility, and ground crew efficiency.

Wth aerial applications, -and somewhat with ground
applications, an operations foreman nust be on site to
determne when to start and stop treatnment relative to the
prevailing conditions. This is often a difficult decision
because weat her conditions quickly change in the norning hours
when applications usually occur, Consideration nust be given
to the wind at various altitudes, tenperature inversions, and
prognosis of pending rain storms, only to specify a few It
Is a judgenent call at best, a nmanagenent decision not to be
made by the applicators. Wth ideal weather, proper |ayout,
and good supervision, one helicopter can treat hundreds of

acres in a single day,

G ound Met hods

Broadcast treatnents can also be perforned wth tractor-
nmount ed sprayers and spreaders on certain tracts (Sage et al.
1984, Mller et al. 1985, MIler 1985). Gound nachines and
backpack crews can also treat buffer areas around aerially
treated tracts. Skidder- or craw er-nmounted equi prent can be
efficient if the terrain, stand conditions, and wutilization
permt consistent operating speeds of 1 to 3 nph. G ound
sprayers can presently apply follar-active herbicides to woody
conpetition up to about 16 ft tall with a 30-to 40-ft swath.
Spreaders and sprayers can apply soil-active herbicides and
treat hardwoods greater than 16 ft "‘tall if uniform coverage of
the soil is possible. The Omi  Spreader (MIller 1985)
currently has an 8s-ft swath, and some high-nmounted sling
spreaders can treat a 40-ft swath. Average productivity for
tractor-nmounted applicators is 4 to 18 acres per hour.

I ndi vidual hardwood stem treatnments: As densities of
har dwoods drop to below 800 stens per acre, br oadcast
treatments becone inefficient, and individual stem treatnents
become conparable or less in cost per acre. Application and
herbicide efficiency also inprove for certain crew applied
met hods when stem sizes decrease. Individual stem treatnents
include directed foliar sprays, streanline basal sprays, tree
i njection, and soil spots (WIIlianmson and MIler 1986).
Directed foliar sprays are used to treat woody plants up to 6
ft tall. Basal streanline applications and soid  spot
applications can control nmany species of hardwoods up to 6
inches in d.b.h., [Injection treatnents are capabl e of
controlling trees 2 to 30 inches in d.b.h. Wth streanline
treatnments, the juvenile bark is treated in one or two streaks
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with a mxture of herbicide and diesel fuel. Apparently,
backpack crews are effective at densities of 500 to 4,000
stems per acre. Productivity ranges from 0.2 to 0.5 acre per
hour for injI ection and 1.0 to 1.5 acreper hour for directed
sprays. Applicators on all-terrain vehicles (ATV' s) can apply
foliar and basal sprays. ATV's permt rapid novenent anong
scattered stems. ATV and backpack nethods have terrain
. limtations for safe operations, but the future use of ATV
sprayers for flat to rolling terrain appears feasible.

Patch distribution of hardwods: Skidder-nmounted sprayers
w |l probably be nost effective for traveling from patch to
patch and along old windrows to apply pellets, granul es;
sprays. Application can be directed to one side of a tractor
to treat along old windrows, and handgun attachnments can be
used to spray very tall hardwoods. ATv's or small skidders
may be nore efficient for higher speed travel between patches,
al though backpack crews may be effectively trucked between
| arge patches where access is possible.

Her baceous Weed Control Applications

The same application options are available for herbaceous
weed control as presented for wcody treatnents: helicopter
sprayers and spreaders, tractor sprayers and spreaders, ATV

sprayers, and backpack sprayers. Al so, a prototype spreader
mounted on an ATV, patterned after the Omi ai r-bl own
spreader, is just appearing on the market and offers yet

anot her opti on.
Aerial Methods

Because of the soil erosion potential and the extra
expense, broadcast applications are not totally desirable or
warranted for herbaceous control. Mre preferred are banded
and spot (snall patch) treatments along planting rows and over
i ndi vi dual seedl i ngs. I n the spring-flooded flatwoods,
however, broadcast by helicopter is presently the only choice
in application. This has been determ ned through extensive
but unsuccessful trials of various tractor-nounted equipnent,

i ncluding elevated |evee sprayers.

G ound Met hods

For first-year planting, a 4- to 5-ft wide band results
in approximately the same pine growh as broadcast treatnents
and-at |ower costs (Knowe et al. 1985)< Banded sprays are now
bei ng applied post-plant by tractors, ATV's, and backpack

Crews. Planting nmachines have also been equipped. with small
sFrayers - to apply banded treatnments sinultaneously with
planting (Wite 1962, .Gilbert 1972, CGarner and QOinger '1982,

MIller 1985); this |lowers application costs even further;
However, herbicide rates nust be increased, often doubl ed,
and/ or herbicides wth nore residual activity wused for
preenmergent applications in the early planting season. Even

or
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with some banded treatnents, accelerated erosion can still

occur because all acreage cannot be treated with bands
arallel to the contour, and mnor gulleys can cut across
ands, channeling water and soil. However, I nspection of the

terrain and soil during the prescription process should result
in wise application to mnimze erosion.

Spot treatnments are less prone to erosion and still
provide the weed control for growth gains. Presently,
backpack crews apply nobst spot treatnments. One full backpack
can treat about 1.5 acres in 1 hour. In the future, spot or
smal | -patch treatnents should be possible with nodifications
to tractor, ATV, and planting machine sprayers- Al so, a hand
device has been devel oped in New Zeal and for spot application
of concentrated granular herbicides; this device should have

promse in the United States.

A basic need of all pro?rams usi ng backpack nethods is an
avai |l abl e [ abor force of applicators that are well-trained and
reliable, To build this labor force will require schedul ed
training on proper handling and application t echni ques,
business  practi ces, and safety equipwent devel opnent. An
effort is currently under way to coordinate ground applicator
training in the 13 Southern States. through the Auburn
University Herbicide Technology Transfer Cooperative. This
effort wll assist each state in developing training sessions
on a recurring schedul e, Each state has the responsibility to
train, certify, and license applicators under the Federal
I nsecticide; Fungicide, and Rodenticide Act, but-not all have
the capabilities to invest in the training of the forestry

applicator sector.

HERBI Cl DE APPLI CATI ON TECHNOLOGY ~ FUTURE POSSI BI LI TI ES

If forestry aPpI ications continue at the present or
expanded | evels, i the public's "pesticide phobia" is not

i nfl amed by the press, and if regulatory restraints are not
ti ghtened, broader spectrum herbicides wll continue to appear
in the silviculturist's tool box. These newer herbicides, or
m xtures of herbicides, wll permt up to conplete control of

the woody and herbaceous conponents for a limted tine- Such
treatnents will allow the speedy and assured reforestation and

reclamation of increased acreage, but the cost wll be
somewhat higher. The herbicide manufacturers will pass on the
soaring costs of new product registration, which wll
certainly keep rising as our health and environnental concerns
expand registration testing. Early plantation growth wll be
phenonenal , especially as fertilizers and insecticides are

applied to genetically inproved planting stock. Accel erat ed
growh periods may need to be adjusted to yield wood of
desirable quality for sel ected products.

Larger -investments by industry and greater capabilities
by the manager w |l necessitate nore critical decisions on
where and what treatnment to apply. The prescription process
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W |l becone even more detailed, requiring more specialized
training for the prescriptionist, The prescriptionist wll
have to critically evaluate soil site, woody and herbaceous
conposi tion,' liability hazards, terrain, access, |egal
context, etc. Wth the increased investnment in herbicide
treatnents on select lands, greater.savings wll be possible
through effective and efficient applications.

In the reaimof herbicide application technology, many
future scenarios are possible. Mich hinges on the continued
capability for treatnent by helicopter as forest |ands and
honesites’ become even nore interspersed, Cbviously, | ess
acreage will be treatable by helicopter, and nore acreage wl |
be in sensitive zones, buffer areas, hardwood  nanagenent
zones, and wildlife nmanagement areas. This wll require nore
efficient ground applications with tractors, ATV's, tree
Injectors, and backpack crews, Wth the increased utilization
of hardwoods and better forest access, the possibilities for
ground application by tractors and handcrews wll increase and
thus becone profitable on nore sites, As industry realizes
the need for these alternative application systens, the

devel opment erffert W ll increase to produce lowdrift and
electronically guided sprayers and spreaders on suitably
bal anced ground equi pnent. The conponents are presently

avai l able, but the' incentive for devel opment appears to be
| acki ng,

The one-pass minimum-tillage trend in agriculture can be
brought into silviculture, Figure 2 shows an integrated
regeneration train of equipment that can shear, rip, and
cultivate while applying herbicides, silvicides, insecticides,
and fertilizers. A savings in applications can be realized
with the right system nmanagement of this one-pass approach.

Anot her innovation worthy of developnment is an herbicide
applicator conbined with a tree shear or sawhead (Vidrine
1984) . Thus,  hardwood stunps could be treated sinultaneously
with felling, and resprouting could be stopped, Application

costs would be mnimal.
CLCSI NG REMARKS

This is obviously the age of information and automation.
Forest regeneration operations cannot renmain in a vacuum for
| ong because the costs and savings are t oo apparent.
Integrated research and developnent is required that extends
across proprietary bounds and individual pieceneal efforts.
But “Wth the governnent's current | eani ng t owar ds
privatization, the main effort wll have to be shoul dered by
industry, Sone Northern European countries and Canada, New
Zeal and, and Australia are leading the way in regeneration
mechani zat i on, W should learn from these countries and
initiate our own integrated progranms in forest regeneration
research. This is a worthy area of research and devel opnent
that requires a cooperative responsibility and jointly shared

expense.
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Figure 2. A conceptual integrated regeneration train of
equi prent having a shearing blade, ripping blade, cultivator,
and tree planting machine. Fertilizers, insecticides, and

her bi ci des for woody and herbaceous. weed control can be
si mul taneously appli ed.
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